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CONTROL OF FLOW SEPARATION AND 
RELATED PHENOMENA ON 
AERODYNAMIC SURFACES 

This application claims priority under 35 USC 119(e)(1) 
of provisional application Serial No. 60/220,219, ?led Jul. 
24, 2000. 

BACKGROUND OF THE INVENTION 

The present invention is directed to a method, and 
structure, Which suppresses separation of ?uid (e.g., gas or 
liquid, such as air) ?oW adjacent a surface of a body When 
passing the ?uid along an exterior surface of the body, such 
as in the case of a ?uid ?oWing across the Wing of an 
airplane, or When passing the ?uid along an interior surface 
of the body, such as in the case of a ?uid ?oWing in a diffuser 
along a surface of the diffuser. In particular, the present 
invention is directed to a method, and structure, Wherein 
instabilities or oscillations associated With separation of 
?uid ?oW adjacent the surface of the body is suppressed, and 
drag associated With this ?uid ?oW separation is suppressed. 

It is Well knoWn in ?uid dynamics that When a ?uid passes 
along a solid body, the ?uid will form a viscous layer, knoWn 
as a “boundary layer”, adjacent the body surface. This 
boundary layer possesses a much loWer energy level than the 
?oW outside it. Inside the boundary layer, the ?oW is 
distorted under viscous effects and there exists a large 
velocity gradient in the direction normal to the body surface. 
When a large adverse pressure gradient exists, that is, 

When pressure increases in the direction of the ?uid ?oW, the 
boundary layer may not be able to tolerate the pressure 
gradient, and Will start to separate from the body surface, as 
schernatically illustrated in FIG. 1. Thus, shoWn in FIG. 1 is 
surface 1 of the body, having ?uid ?oW adjacent surface 1. 
The ?oW is shown schematically by reference character 3, 
and includes, initially, ?oW adjacent surface 1 of the body 
(attached ?oW, e.g., in an attached boundary layer ?oW 
region), shoWn by reference character 5, and separated ?oW, 
e.g., in separated boundary layer ?oW region shoWn by 
reference character 7, Where the ?oW is separated from 
surface 1 of the body. The separation point, Where the ?oW 
initially separates from the body, is shoWn by reference 
character 9 in FIG. 1. This point is de?ned as the point Where 
the velocity gradient in the direction normal to the body 
surface is observed for the ?rst time to be continuously less 
than or equal to Zero. 

FIGS. 18(a) and 18(b) respectively shoW, in more detail 
(With respect to ?uid ?oW) than shoWn in FIG. 1, such 
separation from an external surface 1 of a body 2 (e.g., an 
airplane Wing) and from an internal surface 1a of a body 2a 
(e.g., a diffuser). This phenomenon is called “?oW 
separation”, or “separation”. ShoWn in FIG. 18(a) is sepa 
ration point 9, Where the ?uid ?rst separates from surface 1 
of body (airfoil) 2. DoWnstrearn from the separation point 9, 
in the direction of ?uid ?oW, the ?uid exhibits separated ?oW 
in a separated ?oW region 13 (separated boundary layer ?oW 
region), Where the ?uid ?oW forrns eddies 17. Even down 
stream of separation point 9, in regions spaced from surface 
1 or 1a of the body of the ?uid exhibits srnooth ?oW, e.g., 
srnooth outer ?oW, in smooth outer ?oW regions 16 shoWn 
in each of FIGS. 18(a) and 18(b). The separated boundary 
layer ?oW region is de?ned as the region in Which the local 
?oW velocity is directed essentially in the direction opposite 
to the direction of the main ?oW prior to the separation point. 
This is compared to the smooth ?oW region (srnooth outer 
?oW region), Which is the ?oW region outside (relative to the 
body) the separated boundary layer ?oW region. 
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2 
Moreover, as the ?uid ?oW continues over time this ?oW 

separation propagates upstream from an initial separation 
point, as seen in FIGS. 2(a) and 2(b), and as shoWn in more 
detail With respect to ?uid ?oW patterns in FIGS. 19(a) and 
19(b). That is, FIG. 2(a) shoWs an initial stage of ?uid ?oW, 
and FIG. 2(b) shoWs a later stage (later in time). At the initial 
stage, separation point 9 is toWard the rear end of surface 1 
of the body, With respect to ?uid ?oW direction 3. At a later 
time, separation point 15 has moved upstrearn, as shoWn in 
FIG. 2(b). And, as shoWn in FIG. 19(a) disturbance Waves 
11 propagate upstream from inside the separated ?oW region 
13, exerting in?uences on the upstream ?oW region. Sepa 
rated ?oW region 13 is extended upstrearn, so that separation 
point 9 changes to an “adjusted” separation point 15, as 
shoWn in FIG. 19(b). 

In almost all cases, ?oW separation is associated With 
disadvantages, and is therefore to be avoided. If the body is 
the Wing of an airplane, ?oW separation may cause the 
airplane to lose its lifting force, a situation knoWn as “stall”. 
FloW separation also increases the drag force acting on the 
Wing, Which is particularly disadvantageous When the air 
plane is in a cruise condition. If separation occurs inside a 
diffuser, the diffuser loses its diffusing ability. 

In many cases, ?oW separation also leads to the occur 
rence of unsteady phenomena, Which may cause control 
problems. Aerodynarnic unsteadiness could alternately lead 
to structural failure of the body in question. This is particu 
larly true for an airplane ?ying in the ?oW regirne knoWn as 
the “transonic” regirne, or rnaneuvering a landing approach, 
Where a phenomenon knoWn as “buffeting” can arise due to 
?oW separations. FloW separation also often leads to other 
interfering phenomena, such as the disturbing Wind noises 
around transport vehicles, or the noise interference to 
electrical/poWer transrnissions through cables/poWer lines. 

In the transonic regime, where the ?oW speed is close to 
the speed of sound, separation induced ?oW oscillations 
(usually in conjunction With the formation of shock-Waves) 
can be very severe. One method that has been proposed to 
stop these oscillations is disclosed in US. Pat. No. 5,692, 
709 to Mihora and Cannon. In this particular patent a 
method is described in Which ?oW oscillations are stopped 
by ?xing sirnple devices at prescribed positions on the 
surface of the aerodynamic body. These devices force shock 
Waves to form prernaturely at ?xed locations, Which are the 
locations of these devices. 

In addition to the foregoing, many other methods have 
been proposed to suppress ?oW separation under speci?c 
?oW conditions. These include, but are not limited to, vortex 
generators (such as disclosed in US. Pat. No. 5,253,828 to 
Cox), riblets (such as disclosed in US. Pat. No. 4,863,121 
to Savill), large-eddy break-up devices, porous or slotted 
Walls, ?uid bloWing and/or suction, rnoving surfaces, actua 
tors (such as disclosed in US. Pat. No. 5,209,438 to 
Wygnanski), vibrating ?exible structure (such as US. Pat. 
No. 5,961,080 to Sinha), and stepped body surfaces. 
As mentioned previously, ?oW separation is associated 

With the existence of vortical structures (eddies) 17, of 
various siZes, inside separated ?oW region 13, as shoWn in 
FIGS. 18(a) and 18(b). These eddies 17 give rise to distur 
bance Waves 11 (see FIG. 19(a)), Which can travel in the 
upstream direction. The disturbance information in the dis 
turbance Waves 11 is received by the ?oW upstream of the 
original separation point. The ?oW Will adjust itself to this 
information, and the separation point is shifted upstrearn, 
until some kind of balance (e.g., steady-state) is achieved. 
This adjustment of original separation point 9 to adjusted 
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separation point 15 (see FIG. 19(b)), at an upstream location 
from original separation point 9 due to this disturbance 
information, has been previously mentioned. In the case that 
the disturbances are large, the Whole ?oW ?eld is said to be 
“unsteady”, and the point of separation ?uctuates about a 
mean position. The ?oW ?eld then constitutes a feed-back 
system. 
As mentioned previously, on the surface of the body the 

?uid particles form a very thin viscous layer, knoWn as the 
“boundary layer”. Because ?oW inside the boundary layer is 
mostly much sloWer than the ?oW outside it, it is easier for 
disturbances to travel inside this layer. In the case that the 
?oW outside the boundary layer is supersonic, upstream 
propagation can occur only inside the boundary layer. 
Therefore, preventing the disturbances from propagating 
upstream inside the boundary layer is important in control 
ling ?oW separation, especially in high-speed ?oWs. 

SUMMARY 

The present invention is intended to lessen this upstream 
propagation or upstream in?uences of disturbances that 
originate inside the separated ?oW region. It is meant not 
only to reduce drag associated With the ?oW separation, but 
also suppress the instabilities or oscillations associated With 
the ?oW separation. The method and structure of the present 
invention involve, as an illustrative embodiment, providing 
a barrier member (for example, a tab), or a plurality of 
barrier members (e.g., a plurality of tabs), on the body 
surface, each barrier member acting as a physical barrier 
extending aWay from the surface of the body, and Which 
prevents the upstream propagation of the disturbances, as 
illustrated schematically in FIG. 3, and prevents upstream 
in?uences of the disturbances. 

That is, FIG. 3 shoWs schematically barrier member (tab) 
19 according to the present invention. Barrier member 19 
blocks upstream propagation of disturbances, for example, 
those disturbances excited by eddies 17. 
As can be seen from FIG. 3, barrier member 19 in FIG. 

3 extends from surface 1 of the body into separated ?oW 
region, but does not extend beyond edge 21, the boundary of 
separated ?oW region 13, into smooth ?oW region 16. That 
is, in the absence of barrier member 19, there is a separated 
?oW region 13 adjacent surface 1 of the body and smooth 
?oW region 16 outside separated ?oW region 13 (With 
respect to surface 1). According to the present invention, the 
at least one barrier member extends into this separated ?oW 
region absent the barrier member, but not into the smooth 
?oW region. 
Due to barrier member 19 blocking upstream propagation 

of disturbances originating in separated ?oW region 13, 
separation point 9 is maintained substantially Without mov 
ing upstream. This barrier member 19 penetrates into the 
separated ?oW region 13, but not into the outer, smooth ?oW 
region 16. The length and angle of de?ection of barrier 
member or members 19, With respect to surface 1 of the 
body, can be varied according to the severity of the sepa 
ration. 

Thus, the present invention involves converting part of 
the surface affected by the ?uid ?oW separation, from an 
originally smooth surface into one having barrier members, 
e.g., barrier members such as steps, tabs, etc. These steps, 
tabs, etc., act as barriers that prevent upstream propagation, 
or upstream in?uences, of disturbances. If the steps, tabs, 
etc. are kept Within the separated region, they Would not 
interfere With the outer, smooth ?oW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates ?uid ?oW along a body 
surface, for illustrating separated ?oW. 
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4 
FIGS. 2(a) and 2(b) illustrate movement of the separation 

point at Which ?oW separates from a body surface, to 
upstream of an original separation point, shoWing separation 
points respectively at initial and later stages of ?uid ?oW. 

FIG. 3 schematically illustrates an embodiment of the 
present invention, having a barrier member extending from 
a body surface into a separated ?oW region. 

FIGS. 4(a)—4(¢0 are cross-sectional vieWs shoWing mov 
able barrier members according to various embodiments of 
the present invention. 

FIG. 5 illustrates schematically an embodiment according 
to the present invention Wherein a plurality of barrier 
members, spaced along the direction of ?uid ?oW, are 
provided to prevent upstream propagation of disturbances. 

FIGS. 6(a) and 6(b) shoW various embodiments according 
to the present invention Wherein the body surface has a sharp 
corner, and different barrier member con?gurations being 
provided on the body surface. 

FIG. 7 shoWs vortex generation With ?uid ?oW perpen 
dicular to a tangent of a cylinder as the body. 

FIG. 8 illustrates use of a barrier member on the surface 
of a cylinder, for shoWing bene?ts achieved according to the 
present invention. 

FIG. 9 is a graph shoWing pressure coef?cient (Cp) 
distribution on the surface of a cylinder as a function of 6, 
6 being an angle as shoWn in FIG. 8. 

FIG. 10 illustrates another embodiment of the present 
invention utiliZing a plurality of barrier members in con 
nection With a cylindrical ?oW surface having a plurality of 
tabs on the ?oW surface. 

FIG. 11 is a graph of the base pressure coef?cient (Cp) as 
a function of the tab position located at an angle 6, 6 being 
shoWn in FIG. 10. 

FIG. 12 is a graph shoWing the effect of tabs on ?oW 
oscillations. 

FIG. 13 illustrates another embodiment according to the 
present invention, Where tWo shorter tabs are installed in 
succession on both the upper and loWer surfaces of a 
cylinder as the body. 

FIG. 14 illustrates the pressure distribution (Cp) over a 
cylinder surface for the embodiment shoWn in FIG. 13 
having the tWo shorter tabs installed in succession on both 
upper and loWer surfaces of the cylinder. 

FIG. 15 illustrates another embodiment of the present 
invention having barrier members on a cylindrical surface, 
With tWo barrier members of different lengths being used. 

FIG. 16 illustrates advantages of use of a plurality of 
barrier members over a single barrier member con?guration. 

FIGS. 17(a)—17(c) are photographs of ?uid ?oW around a 
cylinder model at Mach 0.6, With FIG. 17(a) shoWing ?oW 
using a basic cylinder With no barrier members, FIG. 17(b) 
being the case corresponding to a single barrier member 
con?guration, and FIG. 17(c) being the case corresponding 
to structure having a plurality of barrier members. 

FIGS. 18(a) and 18(b) respectively illustrate separated 
external ?oW and separated internal ?oW, shoWing separated 
?oW regions and smooth ?oW regions extending from a body 
surface during ?oW along the body surface. 

FIGS. 19(a) and 19(b) illustrate propagation upstream of 
a separated ?oW region and of a separation point, along a 
body surface, illustrating a problem addressed according to 
the present invention. 

FIG. 20 illustrates restricted disturbance propagation on a 
surface With a plurality of barrier members extending aWay 
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from a surface of a body during ?oW along the surface of the 
body according to an illustrative embodiment of the present 
invention. 

DETAILED DESCRIPTION 

While the present invention Will be described in connec 
tion With speci?c embodiments, it Will be understood that it 
is not intended to limit the invention to those embodiments. 
To the contrary, it is intended to cover all alterations, 
modi?cations and equivalents as may be included Within the 
spirit and scope of the invention as de?ned by the appended 
claims. 

Throughout the present disclosure, Where methods are 
described as including or comprising speci?c processing 
steps, and Where apparatus is described as including or 
comprising speci?c components, it is contemplated by the 
inventor that the methods of the present invention also 
consist essentially of, or consist of, the recited processing 
steps, and that the apparatus of the present invention also 
consists essentially of, or consists of, the recited compo 
nents. Accordingly, throughout the present disclosure, any of 
the described methods can consist essentially of, or consist 
of, the described processing steps, and any of the described 
apparatus can consist essentially of, or consist of, the 
described components. 

Throughout the present disclosure, including the various 
draWing ?gures, common components can be designated by 
the same reference characters. 

The present invention is directed, in general, to a method 
of suppressing separation of ?uid ?oW adjacent a surface of 
a body, during How of a ?uid along the surface of the body; 
and structure having suppressed separation of ?uid ?oW 
adjacent the surface of the body, during How of the ?uid 
along the surface of the body. Fluid ?oW along the surface 
of the body includes (1) a smooth ?oW region, spaced from 
the surface of the body, and (2) a separated ?oW region 
betWeen the surface of the body and the smooth ?oW region, 
and the method according to the present invention includes 
providing the surface of the body With at least one barrier 
member, the at least one barrier member extending in a 
direction aWay from the surface of the body into the sepa 
rated ?oW region but not into the smooth ?oW region. The 
structure according to the present invention, having the 
suppressed separation of ?uid ?oW, includes at least one 
barrier member provided on the surface of the body, this at 
least one barrier member extending in a direction aWay from 
the surface of the body into the separated ?oW region of ?uid 
?oW along the surface of the body, but not into the smooth 
?oW region. 
By providing the at least one barrier member according to 

the present invention, separation of ?uid How is suppressed, 
to avoid movement upstream of separation points Where the 
separated ?oW region begins. 

Various techniques can be used to provide this barrier to 
upstream propagation of disturbances. Illustrative 
techniques, Which are not to be limiting, for providing the 
barriers, are shoWn in FIGS. 4(a)—(a), and each uses a 
barrier member (tab) 19. Thus, one Way to create a barrier 
is by deploying outWardly a barrier member 19 as shoWn in 
FIG. 4(a), extending outWardly from surface 1. Barrier 
member 19 can be originally mounted ?ush on the surface 
adjacent to Which the ?uid ?oWs. When the How over the 
barrier member is separated, the barrier member 19 is 
deployed by rotating it about its leading edge 21 (With 
respect to ?uid ?oW direction), in the direction of arroW 27, 
as shoWn in FIG. 4(a). The area underneath the deployed 

15 

25 

35 

45 

55 

65 

6 
barrier member acts as chamber 25, that provides a place for 
the “trapped” vortices to settle doWn, so that the energy 
associated With these vortices are dissipated. 

If needed, a true chamber 25a could already be present 
underneath barrier member 19 in its undeployed position, so 
that a larger settling area is created When the barrier member 
19 is deployed. This is shoWn in FIG. 4(b). 
Another variation is to rotate barrier member 19 about its 

center point 33, so that the front half 20a (With respect to the 
?uid ?oW direction) is de?ected inWard and the rear half 20b 
is de?ected outWard, as shoWn in FIG. 4(c). Another varia 
tion is to have the barrier member 19 slide out vertically in 
the direction of arroW 29, as shoWn in FIG. The number 
of tabs or other barrier members, the siZe of the tabs or other 
barrier members, the siZe of the gaps betWeen the tabs or 
other barrier members, as Well as the deployment angle of 
the tabs or other barrier members, may be varied according 
to the particular needs in each case. 

In each of FIGS. 4(a)—4(d), When barrier member 19 is 
not extending aWay from surface 1 (that is, When barrier 
member 19 is not deployed), it can be co-planar With surface 
1. For example, in each of FIGS. 4(a)—4(c), When barrier 
member 19 is not deployed the upper, long surface of the 
barrier member can be ?ush or co-planar With surface 1. In 
FIG. 4(a), the upper edge of barrier member 19, When 
barrier member 19 is in an undeployed or retracted position, 
can be ?ush or co-planar With surface 1. 
An example of a multi-tab con?guration is shoWn sche 

matically in FIG. 5, and shoWn With more detail (With 
respect to ?uid ?oW) in FIG. 20. FIG. 5 shoWs, 
schematically, a plurality of barrier members 19a, 19b and 
19c, on surface 1 of a body along Which a ?uid ?oWs in the 
direction of arroW 35. Barrier member 19b is longer than 
barrier member 19a, and barrier member 19c is longer than 
barrier member 19b. As can be seen in FIG. 5, the barrier 
members are spaced from each other in the direction along 
the How of ?uid as represented by arroW 35. 

FIG. 20 shoWs hoW a plurality of barrier members 19 can 
suppress the separation of ?uid ?oW. As seen in FIG. 20, at 
the right-hand side of the ?gure disturbance Waves 11 are 
generated and eddies 17 are formed. Forming of the eddies 
17, and propagation of disturbance Waves 11 and in?uence 
of the disturbance Waves 11, are restricted at each of barrier 
members 19, thereby suppressing the separation of ?uid 
?oW, beyond the suppressing that Would occur if only a 
single barrier member 19 Were provided. Variations can also 
be made to the dimension and shape of the chambers 
underneath the barrier member, in this multiple barrier 
member con?guration. 
On surfaces that are constantly exposed to separated 

?oWs, the tabs can be used as ?xed devices, such as in the 
case of ?oWs over sharp corners 39 as shoWn in FIGS. 6(a) 
and 6(b). In FIG. 6(a), surface 1 of the body has sharp corner 
39 (for example, a right angle). FloW is in the direction of 
arroW 41, in each of FIGS. 6(a) and 6(b). Through use of the 
barrier members extending from surface 43 in each of FIGS. 
6(a) and 6(b), ?oW separation is suppressed. The barrier 
member structure in FIG. 6(a) includes tWo barrier members 
19c and 19d, extending from substantially a same point on 
surface 43 and being of different lengths and extending at 
different angles from the surface. ShoWn in FIG. 6(b) are 
relatively short barrier member 196 and relatively long 
barrier member 19f, extending parallel to each other aWay 
from surface 43 of the body. Note that the shorter tab is 
closer to the sharp corner 39. Through use of the barrier 
member structure as in FIG. 6(a) and FIG. 6(b), production 
of eddies 17 is reduced and separation of ?uid How is 
suppressed. 
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The effectiveness of the barrier member, such as a tab, has 
been con?rmed in suppressing ?oW separation on the sur 
face of a circular cylinder. The ?oW around a circular 
cylinder has been one of the most challenging in ?uid 
dynamics. Not only is the ?oW separation severe; but also 
the Wake forms the Karman vortex street, a series of vortices 
that ?uctuate at a certain frequency as each vortex is shed 
doWnstream. This is shoWn in FIG. 7 having cylinder 51, 
With ?uid ?oW in the direction of arroW 53, and With vortices 
55, 55, etc. being formed at the rear side of cylinder 51. The 
existence of this vortex street poses a countless number of 
practical problems, some of Which can lead to the destruc 
tion of the cylindrical body. Therefore, the control of the 
?oW separation and resulting ?oW oscillation is of particular 
importance. 

The effectiveness of a tab in delaying separation, is 
illustrated using a single tab only on the upper surface 51(a) 
of cylinder 51 having upper and loWer surfaces 51(a) and 
51(b) respectively at 0=140°, the angle 0 being de?ned in 
FIG. 8. FIG. 9 shoWs the pressure coef?cient (Cp) distribu 
tion on the surface of the cylinder taken at a ?oW speed of 
6/roof the speed of sound (Mach 0.6). The length of the tab 
is 20% of the cylinder diameter. In FIG. 9, the curve 
represented by reference character 57 shoWs results from a 
cylinder not having any tab, and curve 59,59 shoWs results 
from a cylinder With tab at angle 0=140°, Which is the 
situation shoWn in FIG. 8. From FIG. 9, it can be easily seen 
that ?oW in front and behind the tab is decoupled, the tab 
location being shoWn by reference character 58, suggesting 
that the information feed-back betWeen the doWnstream and 
the upstream ?oW is, at least partially, cut off. As a result, the 
upstream ?oW can accelerate further to attain more negative 
pressures and the (time-averaged) separation point is 
delayed. The presence of the tab actually creates a lifting 
force on the cylinder. This effect is similar to the lifting 
effect created by rotating the cylinder about its axis (Magnus 
effect). 

Since the ?oW separates also on the loWer surfaces of the 
cylinder, the separation on the loWer surface can also be 
controlled by installing another tab on the loWer surface. The 
tWo tabs noW are installed symmetrically opposed to each 
other, as shoWn schematically in FIG. 10. With this 
con?guration, the pressure acting on the back of the cylinder 
(back pressure) is highest When the tabs are installed at about 
0=140°, as shoWn in FIG. 11; this con?guration provides an 
overall 15% reduction of pressure drag, Which Was calcu 
lated by integrating the pressure distribution over the cyl 
inder surface. Furthermore, reduction in total drag has been 
observed as Well. The effect of the tabs on the back pressure 
is larger (that is, back pressure is less negative) When the 
boundary layer on the surface of the cylinder is under a 
turbulent, as opposed to a laminar, condition. 

The effect of the tabs on ?oW oscillations is illustrated in 
FIG. 12. This ?gure shoWs the frequency spectrum of the 
pressure data that is taken at 0=90°, With tWo tabs placed 
symmetrically opposed to each other at 0=130°. This is a 
case Where the tabs protrude all the Way across the separated 
region to reach the free-shear layer; that is, the viscous layer 
that divides the outer smooth ?oW and the inner separated 
?oW. The peak on the ?gure is associated With the oscillation 
of the Karman vortex street. The presence of the tabs 
eliminates this peak, suggesting that ?oW information feed 
back through the (separated) boundary layer is completely 
cut off, causing the oscillation to be eliminated, or at least 
has become too Weak to have any signi?cant effects on the 
cylinder. 

Another example is shoWn in FIG. 13, Where tWo shorter 
tabs 19g, 19g (10% of the diameter of the cylinder) are 
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installed in succession at 0=140° and 160° on both the upper 
and the loWer surfaces of cylinder 51. In this case the tabs 
do not cut all the Way across the separated region to reach 
the free shear layer, but penetrate only partially into the 

5 separated region. The pressure distribution over the cylinder 
surface is shoWn in FIG. 14. Also plotted on the ?gure is the 
data from the case Where only one short tab is installed, at 
0=130° on the upper and loWer surfaces. Both con?gurations 
are effective in delaying separation, as indicated by the more 

0 negative pressure distribution betWeen 0=90° and 150°. 
Yet another example is shoWn in FIG. 15, Where tWo tabs 

19h, 19i of different lengths (10% and 20% of the diameter 
of the cylinder) are used. The shorter one is positioned at 
0=120° and the longer one at 0=140°. 

This con?guration is especially effective in damping the 
?oW oscillation around the cylinder. The bene?t of this 
multi-tab con?guration over the single tab con?guration is 
demonstrated in FIG. 16, for pressure measurement at 
0=90°. On this graph, the multi-tab case corresponds to the 
multi-tab con?guration in FIG. 15, having more than one tab 
on each of the upper and loWer surfaces 51(a) and 51(b), 
respectively; While the single tab con?guration is the case 
Where only a single 10% tab is present at 0=120° on each of 
the upper and loWer surfaces 51(a) and 51(b), respectively. 
It is quite apparent from FIG. 16 that, during ?oW, oscilla 
tions are better suppressed by the multi-tab con?guration. 
The level of suppression is even a little better than that 
yielded by the single 20% plate at 0=130° on upper and 
loWer surfaces, Whose result Was shoWn in FIG. 12. 

FIGS. 17(a) to 17(c) shoW photographs of ?oW around the 
cylinder model at Mach 0.6, taken With a ?oW visualiZation 
method knoWn as the Schlieren method. FIGS. 17(a) is the 
case of the basic cylinder With no tabs, FIG. 17(b) is the case 
corresponding to the single-tab con?guration similar to FIG. 
10 With the tabs at 0=13°, and FIG. 17(c) is the case 
corresponding to the multi-tab con?guration in FIG. 15. 
FloW of air is from the left to the right in each of the 
photographs. In each of FIGS. 17(a)—17(c), the cylinders are 
provided on a support (columnar), and are shoWn closer to 
the lefthand side of each photograph. As can be seen in the 
pictures, When tabs are inserted, vortex formation in the 
Wake is pushed doWnstream and aWay from the model, 
Which is most likely the main reason of the increase in the 
back pressure. The tabbed cylinders also noticeably produce 
narroWer Wakes than the no-tab cylinder, With the multi-tab 
case having the narroWest Wake among the three cases. 
Moreover, the photographs also clearly shoW that the multi 
tab con?guration pushes the vortices farther doWnstream 
than the single-tab con?guration. 

In summary, depending on the siZe of the tabs, the number 
of tabs, and the distance betWeen the tabs, the present 
invention has been proven to have the folloWing effects: 

delay of separation point to a more doWnstream location, 
Which leads to a possible increase in lift in the case of 
?uid ?oWing along the exterior of an aerodynamic 
body; 

reduction and possible elimination of ?oW oscillations or 
instabilities in the direct vicinity of the aerodynamic 
body; 

if the body of interest is a bluff body (such as a cylinder), 
increase in back pressure Which directly leads to 
decrease in pressure drag. 

While We have shoWn and described several embodiments 
in accordance With the present invention, it is understood 
that the same is not limited thereto, but is susceptible of 
numerous changes and modi?cations as knoWn to those of 
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skill in the art. For example, various examples of the present 
invention have utilized a body having a cylindrical surface 
(e.g., a bluff body). However, the surface is not limited to a 
cylindrical surface, and the body can be a streamlined body 
or other shape, and can, e.g., be an airfoil such as an airplane 
Wing. In addition, the surface of the body having the barrier 
members thereon can be an external surface or internal 
surface of the body. Where the surface is an internal surface, 
the body can, for example, be a diffuser. Therefore, I do not 
Wish to be limited to the details shoWn and described herein, 
but intend to cover all such changes and modi?cations as are 
encompassed by the scope of the appended claims. 
What is claimed is: 
1. A method of suppressing separation of a ?uid ?oW 

adjacent a surface of a body, during ?oW along the surface 
of the body, the method including: 

providing the surface of the body With at least one barrier 
member, Wherein, Without said at least barrier member, 
the ?oW of the ?uid includes, adjacent the surface of the 
body, in the direction of the ?oW of the ?uid, an 
attached boundary layer ?oW region and a separated 
boundary layer ?oW region, and, spaced from the 
surface of the body, includes a smooth outer ?oW 
region, Whereby the attached and separated boundary 
layer ?oW regions are betWeen the surface of the body 
and the smooth outer ?oW region, and Wherein each of 
the at least one barrier member extends in a direction 
aWay from the surface of the body into the separated 
boundary layer ?oW region but not into the smooth 
outer ?oW region. 

2. The method according to claim 1, Wherein the at least 
one barrier member acts to limit extent of upstream in?u 
ences of disturbances that originate in the separated bound 
ary layer ?oW region. 

3. The method according to claim 1, Wherein the at least 
one barrier member acts to reduce the onset of ?uid ?oW 
separation. 

4. The method according to claim 1, Wherein the at least 
one barrier member acts to reduce the level of ?oW unsteadi 
ness related to the ?uid ?oW separation. 

5. The method according to claim 1, Wherein the at least 
one barrier member reduces the drag on the body. 

6. The method according to claim 1, Wherein the surface 
of the body is provided With a plurality of the barrier 
members, spaced from each other in the direction of ?oW of 
the ?uid relative to the body, each of the plurality of barrier 
members extending into the separated boundary layer ?oW 
region but not into the smooth outer ?oW region. 

7. The method according to claim 1, Wherein the surface 
of the body is an external surface of the body. 

8. The method according to claim 7, Wherein the body is 
a streamlined body. 

9. The method according to claim 7, Wherein the body is 
a bluff body. 

10. The method according to claim 1, Wherein the surface 
of the body is an internal surface of the body. 

11. The method according to claim 10, Wherein the body 
is a diffuser. 

12. The method according to claim 1, Wherein the at least 
one barrier member is at least one movable tab, the at least 
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10 
one movable tab is initially embedded Within the surface of 
the body, and When the separated boundary layer ?oW region 
is propagated over the at least one movable tab, the at least 
one movable tab is controllably extended outWardly into the 
separated boundary layer ?oW region but not into the smooth 
outer ?oW region. 

13. The method according to claim 12, Wherein the at least 
one movable tab is provided in at least one chamber, the at 
least one chamber being exposed to the ?oW When the at 
least one movable tab is controllably extended outWardly 
into the separated boundary layer ?oW region but not into the 
smooth outer ?oW region. 

14. Structure having suppressed separation of ?uid ?oW 
adjacent a surface of a body, during ?oW of a ?uid along the 
surface of the body, the structure comprising: 

the body, having the surface along Which ?uid ?oWs 
during relative movement betWeen the ?uid and the 
body; and 

at least one barrier member provided on the surface of the 
body, Wherein, Without said at least one barrier 
member, the ?oW of the ?uid includes, adjacent the 
surface of the body, in the direction of the ?oW of the 
?uid, an attached boundary layer ?oW region and a 
separated boundary layer ?oW region, and, spaced from 
the surface of the body, includes a smooth outer ?oW 
region, Whereby the attached and separated boundary 
layer ?oW regions are betWeen the surface of the body 
and the smooth outer ?oW region, and Wherein each of 
the at least one barrier member extends in a direction 
aWay from the surface of the body into the separated 
boundary layer ?oW region but not into the smooth 
outer ?oW region. 

15. Structure according to claim 14, Wherein the at least 
one barrier member includes at least one controllably mov 
able barrier member having at least tWo positions, a ?rst 
position Where the at least one controllably movable barrier 
member is substantially co-planar With the surface of the 
body and a second position Where the at least one control 
lably movable barrier member extends in the direction aWay 
from the surface of the body into the separated boundary 
layer ?oW region but not into the smooth outer ?oW region. 

16. Structure accordant to claim 15, Wherein the structure 
includes at least one chamber extending into the body from 
the surface of the body, the at least one chamber being 
exposed to the ?oW of the ?uid When the at least one barrier 
member extends in the direction aWay from the surface of 
the body into the separated boundary layer ?oW region. 

17. Structure according to claim 14, having a plurality of 
the barrier members, the plurality of the barrier members 
being spaced from each other in the direction of ?oW of the 
?uid relative to the body. 

18. Structure according to claim 17, Wherein, in the 
direction of ?oW of the ?uid relative to the body, each 
succeeding barrier member, of the plurality of barrier 
members, is longer than the preceding barrier member, of 
the plurality of barrier members. 

* * * * * 


